APPROVED FOR PUBLIC RELEASE. CASE 06-1104. 







* 



6PP9 

Limited Memorandum L-eft 


UNCLA^'FIED 


Digital Computer Laboratory 
Massachusetts Inntltute of Technology 
Cambridge, Massachusetts 


F ape 1 of 14 
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To: 

From: 


J. iv. Forrester 

C. Cordernan, N. Daggett, S. Dodd, R, I’verett, J. O'Brien, H. Taylor 

and Tl. von Buelow. 


Abstract: The above made a visit to IB'' at Pourhbeeosie October 13th through 
lfth for the nurpose of studying and evaluating the 701 computer. 
Their resulting observations (given at a meeting in II, Taylor's 
office on October 16th) aro presented in this memorandum. 


(Soto: Although J, Arnor and K. Olsen also made this trip, they 
were unable to bo at the mooting; therefore no comments o'" theirs 
arc given). 

J. O'Brien began the meeting with a report on the 701 magnetic tape 
mechanism and added a for comments on the magnetic drum system and the tabulator, 
as follows: 

The magnetic tape mechanism uses 1-inch magnetic tape (acetate base) 
in lengths up to about 1200 feet. The tape driving is accomplished by pinch 
rollers pressing the tape against constantly rotating capstans. The tape speed 
is 75 inches per second. There are two courter-rotatlng capstans, one on each 
side of the head assembly. There are also two oinch rollers and two eccentrically- 
mounted non-rotating broke drums against which the tape may be pressed for stopping. 
The motion of the pinch rollers is controlled through a mechanical linkage by a 
moving coil assembly. With the unit set ready to run in the forward direction, 
the left-hand pinch roller is nressed against t'-o left-hand brake, and the ricdit- 
hand pinch roller in held a very small distance a"ay from the rirot-hand, or for¬ 
ward drive capstan. Dpon receiving a start signal, tho left-hand -oiler is moved 
away from tho brake and t'-e right-hand roller is crossed against the capstan. Thin 
situation is vice versa for ready and starting in the reverse direction. The di¬ 
rection Is controlled by a solenoid or relay which acts upon the nineb roller con¬ 
trol linkage ro as to shi r t t^e motion limits of the pinch rollers to the left or 
right. 


0Qip, Fn 
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The act! 
however, the suddo 
tho tope which in 
2 to 4 lilliseconr 
a safety factor - 
stopped, then tho 
one of the pina ir 
V70S apparently the 


.on tine of the pinch-roll or clutch is about 4 milliseconds; 
;ti acceleration of the tape produces a sudden stretching of 
turn produces an oscillation in the tape mb3cl requires from 
ti tc d: ' out, Tho total time alio tod for starting - with 
ir 10 nillisoconds. In order to reverse tho tape it must be 
linkage changed, and then started again. Curing our visit 
the clutch lininga fell out, thus disabling tho unit. This 
first tine that this hac happened and it was soon fixed. 


The tension on tho tape is maintained by a vacuum system. On both 
sides of tho bead and drive assembly there is a chamber about 3 feet deep, 

2j?- inches wide and slightly thicker than ti n width of tape. The bottor of each 
chamber is connoctsd to vacuum pump (a modified vacuum cloanor motor ard fan). 

As tho tape passes across the top of the c' .rbor between the head-drive assembly 
to the take-up or supply reel, a loop of tame is drawn down into the vacuum 
chsuber. In the back side of each vacuum chamber, or column, aro two pressure- 
sensitive diaphragai, one about a foot above tho other. Tho air pressure on 
these diaphragms controls dry-powdor magnetic clutches connecting the reela 
to drive motors and brakes. The diaphragms in £. chamber control the three 
olutchas on the reel above the chamber. If both diaphragms sense atmospheric 
pressure, the take up clutch is energized tr reduce tho length of tape in the 
chamber. If both diephrarysa sense a partial vacuua, then the supply clutch is 
energized to increase tho length of tape In the chamber, and if the top dia¬ 
phragm is at atmospheric preesuro and tho lor.or iiaphrngn ir. under vacuum, then 
the brake clutch is energined. 

This simple on-off servomechanism la capable of supplying er taking 
up tape much faster than ”30 inches per second, a id its action time is fast 
enough so that the tape never goes mere than about J inches above or below 
the pair of sensing diaphragms. This take-up and supply system is definitely 
over-designed for the 701 application; it ir a design that was bo-rowed as is 
from equipment that handles 3000-foot reels at eigher speeds. Ths system 
works very well; it nro luces tho required tension with a minimum of guide 
pulleys and taps near. 

The hs;.d assembly of the taps unit consists of seven heads each about 
3? mils thick stacked together with spacers and shielding between them. This 
head assembly allow: then to record seven channels across tho {—inch tape. The 
seventh channel is used as a par!.ty, cr redundancy, chock or the information 
••ecordod in the other fix channels. The head hs.3 a vary small wrap angla (about 
12°) and the radiU3 of curvature of the head et tr.a gap is about l/l6 of an Inch. 
The tape suffers quite a bit of acceleration in joing around this corner and 
perhaps some deformation. A spring-loaded felt pressure-pad ie used to press 
the tape against the head. The pad and the tape waaj; producing lint and snail 
acetate flakes. Twice wo found errors due to Hat on the o;d.do side of the 
tape. 


TOIL 
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The type of rocerditp used in t.La taoo ru-chunim in a Torn cf the 
non-retum-to-cero or t o lift typo in which, during iho recording precot;, 
tho tape la magnetised "3 saturation in one direction or the other and tha 
direction of magnetization i3 clanged every- t J '.e a n ne" in record:d, The 
recording of a ’’airo" decs not change '.he <».;r < tier of m .pnotisatior. Infonsa- 
tion ic recorded in thl: nay or six of the aovon channels. In order for 
this type of informetio: to hr read bccl: thnrmust be at least 1 "one" re¬ 
corded in each lino of ;.cvan 1 Its across tin: trp3, and that is the reason for 
the 3-avcnth chennol. Bather than us j the seventh channel as i pure inr'ou: 
channel, it is used as a parity chnn.ael in vhich a "ono" is recorded or not so 
as to make the total number of "one's' 1 recorded in a single line an odd number. 
Ir. this nay a check can .o me do on <: .ch line during the reading operation, and 
tho output of all channels can oo mined to d-.taln an index marl:, 

ID1! user- a recording densi y of ICO lines por inch, as ns do, hut 
by using the Mik recording they obtain a ‘luainua flux change density onc- 
half as great an cur a. Brunu • -hly they could record at a density of 2(T lines 
per inch and still to r.c clos: • te tiio v a:;-.lutio:i limits of the tape than wo 
are r.cn. 



The fact that the lbmachine unco eevon channels on the ^-inch 
tar o requires that toe ii divid-’c.l heels bo : irroner t.-oon ears. Their heads 
are only 32 nils wide, and thin narrow charnel width hae resulted in an ad¬ 
ditional problem for then. They have found that if they record over a tape 
ttnt has bsen recorded o 3svi-ral days previously, dincasioual changse 
in the tape sometimes anise the t.ew tracks t.o be out of line with the old 
tracks. This nioaTlgnuant alleys only partial er&3are of tho old recording, 
and tho unerased infoz-mt Ion rry to picked i.p a: errors en subsequent readings. 
In order to eliminate tl r problem, t 1! has added a separate erasing head which 
erase 3 the entire width cf tho t:oj bfe-re ;t- pcs nos over tho recording head. 

Because of t-ie crass head, the unit con record tr, only the forward 
direction. Tr, tier, o t!.:- v._:.-.tier. tiny cannot perform selected altera¬ 
tion of blocks, or rerac- -cirr, lor c> who;, ill or rocurding beyond the end of 
a previous recording. If there has bean any intervening reading. All record- 
in: o must start fron tile begin.ling of the tipe. 


Detection of t 1 o beginning ->r ar.rl of the tape is doro by moans of 
stainless stool loaders c;i hot ends of d o iano. at. the center of each rool. 
These steal leaders ar j ttschec to the taj»-i with ordinary splicing tape, and 
they are sonaod by the elcct-ri .1 contact t uy make with two guide rollers. 
This feature is used in he automatic rewin 3, and as a linlt control. 


Tho reading amplifiers used axe ttraijht forward difference ampli¬ 
fiers with tho last stage feed .:ig a pair of normally off cathode followers in 
oreor to get full wave rectification ■ f tho signal. They coem to have quite a 
bit of trouble duo to ioI c from thaco circuits. Tho noinc may be power lino 
nolso, uince they use very little decoupling, and the difference amplifiers 
are rot designed 1 i ct.enuato connon- ;odo signals, as they could be. There 
'•ere no provisions for n- rginr.l chookiup of the circuits, nor apparently any 
record of the amplifier gain settings, Tho engineer shoviir,; tho writer tho 
oqutpaont changed the adjustments with no hesitation. 


olHED 
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Most c‘ the cbm ’’rMo 
n+od frou o sped. 1 Ccco f > ■ 
igni te. Tho tape unit vor. 1-1 n* 
error, sono or rare to in.vt ui 

passed to run i 3 5 fc*-t• • bit. • ;■ wit 1 
pot runs of 15 >r 2- fit;.' c, '.oi 

Canclusi ono 

This -riter feel: that, 
units arc rrnch better than aura, 
and ortru pulses fron tho ape, t 
cur redundant ivtcording sc! owe, . 
do from the disjierair.. in time of 
line across thu tape, Tho signal 
exists relative'.v ’oi ■. much long 
seven channels u-o nuej aero like' 
wo could get a (t on ' ith of aboivt 
is about 100 micr -re uls. 


ip tap:- unit T7' re ode nr. il epor- 
■ vent b' ilt for taming the tape 
I- .- t,lmn r. '■-■■■■ m nuten without 
•a . ie i o sola 'i he units ap- 
eerputer; occasionally vo cculd 

J3B. 


rtii.-.- things being equal, their taps 
if they could got rid of electronic noise 
.or. t: cculd take very greet advantage of 

‘hey i.oule have much leas trouble than wo 

aging pulses fro:- tho bits of a single 
11.. t hey pvt from the output flip-flop 
r ti ■, and therefore the signals fro- all 
y to . verlap in tirre. Viith tiicir ayston 
~ . r : icrcsoc-codo, whereas ours at prossrt 


■■l-aia&s Bran §:ii. n 

Relatively littl infci 

dru.i operated .- r.-y l ' ir.fc irrily 
posod of a helix cf ire c.ppcd 
nulses. One of the I en inoert 
cculd be inersi jo' by 1 r ..tilt 
the surface of th ), .Dec 
drnr33 were tho :o: S unreliable pi: 
of tho drunr. was tv 'etc!; isolt ■ 
of tho 701 c-rum Hr. is £.(fir. t 
the first 7C1 cam.!' v Is now app 
point, but the f:i it i.rr.x .-.ycteia 
find eleotro-plit; i • s Mg one 
don't know how ... ilaVo th m; the; 


■ iaa o teined on tie drum system. The 
■asi 1 e rocorcinp surface le com- 
-nc. irt m V microseconds between 
3 th.it tJ.a density of the recording 
’ - - itiifc. tory operation (using half 
] huru t)i .t Hois bud told bin tho 
tie jyntoB. It appears that the design 
;• 3 tho tort of the system. Production 
1 that of he other ccnotituont frames; 
ily on r' tc fro- a production stand- 
'' v< *3 far fret finished, Tboy can’t 
:> nundle 1 ho drurr. thoy have and they 
• all b'.h.’r i It. on this. 


T.-'DUUTO; 


Ci-ncs-tnin the difficulty of concoct j ..g an IPM tabulator tc 


It vr-3 lie r - ui. . 72 thj .-.vtronc to store on'- lino of card in for na¬ 
tion, Tin-.:' 1 1 >3? ’r . ivo to • ud 13 such llnoB of information into the 

tabulator In 1 is t. i. c c nd in such i nay ac to male it appear to the 

tabulator the.! it If race! ’tig irforint on ■'to c . card reader, 

. .■•. oo chout the size of an offica desk - (about 
a foot h phei ) - at wr.l cc-.ilctely fillml with rclaya of IBM wire contact 
typa and : '.and i I on t.jIn . .’ditto 1 to thi , thero ere nauy largo 

cast i, oil, small pinn lines, r c,, ate, it is very noisy. 

It function r i.Q . • I is n inreatiy •omoly flexible in itu eperation. 
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A plug board enables the programmer to have stored at hie con¬ 
venience eny number of arrangements chid permit various corts of tabulation 
and automatic features that a pht fit variouo programs. All-in-all, tho tetiu- 
lator looked liko a vary grod device. Tie / hail no figuror on its reliability. 



4 


Thyrsi irons are loca .td in the co router are 3erve to operate both tha 
tabulator ant tho card punch. 

N. H. Taylor recommended that r. study ba cade of the possiblo uses 
and value of a tabulator in Vf, I. 

Tho tabulator is essentially a nrich tors ir.prer.nivo device to Match 
in operation than an electric, 1 type Titer and might be of more value for demon¬ 
strating the output capabilities of the co.iputcr. 

The tabulator r oriel a back to t'e computer signals called "print echoes;" 
these are essentially a check to see that ;roper print nheele more solected in 
accordance with the infcreation received from the computer. 


N. H. Taylor thou d5 3CUsso:‘. the iver-all system: 


General 


Reliability of tie 701 is °rcn 10 to ft tir.ee poorer than present 
.XI reliability figures. Its state of develop rent is sirilar to that of fill 18 
to 24 months ago; it will toko about a year of erntinuous polishing of their 
circuitry to bring thoir machine up to i pnvform.jice comparable with VTWI's. 


IFM puts a hign ore, ium on keeping ti e machine running as much of the 
time as possible, r.s they uani it available for study and demonstration pur¬ 
poses. This is accomplished at tho cost of a great deal of time that could be 
spent on much-needed engineering Study. Orly 4 to 8 hours & reek are nov spent 
in study for improvin the syct.ea; 4° tc of hours a reek (of engineering study) 
Mould be needed to br.'.nf the machine to it: highest reliability. As soon as 
more than one system is available, IK feol £ that this vdll be possible. 


Ee.ch part of tho system had render errore rihich seemed to recur at 
lT-to-25-minuto intervals, and no pn—t of i I a ryft.em had over norkod any better 
than this as far as I could rather. In 3; ite of this, there vk.s no hesitation 
about putting those building blocks together into in overall system because of tee 
IB/4 emphasis on the importance of keeping i he machine running. Engineers on 
the project seemed very conscious of this rltuation and not at nil happy about 
it; they are under constant adninistrativo pressure to keep the 7P1 "on the air." 


UNCL/i 


SIFIED 


arirm iii 10 a 1 
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During our Yc.iy wo tu'a c peace -;o '.ho hfne about 71 hours. 

Abut IP or Y rf t'.-r >• ' ,rs v .re a ■ if I 1 1 ■ • or trot bio other than 

the. strictly racdc;. or.”-rn \,1.' eli » •: oa< c . cc.tinuo.i6ly throughout 

our study of tlv: nr.ch r i , 

Cor- -...Tit o ov; t-.” : u 0 orV 

For about y\ : i.rs, rut. ; Willdair «©■■ a-y rack running a 

spill problem, which if ulriilt- to cmr re. -arcur.: problem. The avorage tine 
between error; 'as 25 ir -: '•••.. bar., uc^vi'-'lr t. ID”, nd the longest run on tha 

72-tubo elomart. v;.ao 1‘ l ours. Our oha'.-rvcb ? at.s were near • • 1C cinutes between 

errors. Ulnae random err ra n:\ are toro if en otO.clo than the cpill prob¬ 
lem, no attempt t- ir.pri' the spill . in 1\ ;-n vide for several months. Various 

attempts to iopi ov tl - 'tom l.ave ' * 0:1 u-succor: ful because of tlio lack of 

available t.rrl iiio ? of t :t cqui~5:-> at wi:ch tfauld give the engineers 

knowledge of where those dc erreru erigiaata, a parit,- check, or come 

sluilar device, is badly needs ■ .t tl In point. Indications that the trouble 
soy be in the cli-saitry i i.'ta c.f tl : tube', tit nr elves are. rather strong at 
present. 


Until re can •«. o tl< l. Ion that thane random errors are rot a 

basic problem, it sill . i diff. cult l. r us consider the Williams memory 
in eny future cenpui r. If, iti.t-tvet, ;his trouble could be cleaved up by 
paying attenf on to circuit del alia, 1 hero light i. • a very good caco for the 
l.illlane icenory. 5".,a iubou th rni.lv: cm:.;, lilt.: trouble - that is, it is 
not often nocoscvry no rcpl.cc them ( nly 4 or i tubes have boon changed in 
. hel ■ f . Cord rman’s remarks). 

In ary vent, i vary thoren-h cuc.y cuV ><i v ds r.f this memory frame 3" 
that it can to ..va.tuntocl in !•: -... o'* is c , i ability to remember information 
without error, lu: r" one -vr. : c tcVi • roi'.tine which they performed, a 

. i ritd 10? i: level, and 

. . cc . . nc ■ 1 th the mar¬ 

gins in this cyoucn ».*. .ope that time rill 'os ttf r> available to improve this 
I. I • • i. . otlu iSTTRino tr rob as pood an this 10j . 

Arit hmetic a;nd Cer. trnj. Ml :- uent 

The aituut: o-. ere i: at prosert our Heated by the program to 
change from the or u- tubes design .4 for tl.: machine to a new inprovod 
type now availchli .... the 5965 •opltcing the J?nV7). Character- 

iatics arc so iwhat different frsa those of the original design, sc most of 
ho i.argir.c or iginally l . ignot into tl-.e circuitry were washed out by the im¬ 
proved tube and it la r. nococacry t go over ..11 tho circuitry ar.ri make 
ohongea so tha. rarg.r. i ,111 again en*nt. lonr.oquortly, tho presort margins 
(in the arith .'o -.,d - i „rol element) are very poor. An ambitious program 
for cleaning up this : .cpin siluution ir. u , lur way, but hare again, time is 
very inadequatu. lie on i.acuty (feel ’-rf. th .u tho arithmetic or control 
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circuits or.; my bctt:.-, If > z go > an 1 w; -y ' anlr. In discussing 
this circuitry with i 1 re rt it. i, b.nt their approach to t.io 

arithmetic probl&i can In nacc quit rt.i 5 lory id cop parable to our 
:> r.. Howe vc”, in its >1 sent state tl < i n rginsl checking and ro- 

liability is several y-.irs behind t c i«j-t ns re mjc - It, mostly due to the 
large amount cf work ant tudy that ha: no into our arithmetic element. 

It should bo pointed out .1 r.i i'o u cl-, cf a cheek register or a 
parity check on the ii-.r.ory tries it ii ?•••;., .1 to dot Ida whether a given error 
cornea fron. the monory Pram fri io. rhe ensuing dilemma 

is rather difficult, if not po3.ri'■le, a; lyze. 


u.-ignotic brun 


Thora i.p disc tent at. ?p t; 7< 1 engineers, fceth as to the compon¬ 
ent circuitry and th- logical mm, £■ nt cf tho nignetlc drum. Th9 present 
logical arrangement allow;? such ?lo >u-c:: tc the drum that it. would bo just ao 
well to have sarin! ihift re, sturs a.? parallel -o' -stera in ti e circuitry. All 
the circuitry has lei n : .•dacigned. s it- crigiral design wav co ooor. In tho 
nrodttctlon model, it 1 be.; nocon-r-y *• rrdor 'gi heads in oi der to make it pos¬ 
sible to adjust these iari3 without d r -irg the drum. An amplitude syntora of 
detection is being err- whitj makes it po rib?a to gelt errors when continuous writ¬ 
ing on ono trank is undertaken, and • e 'ert cf ph sing, similar to tho EHA 

system, would prcbably be better, se v Id have to cctip .ro the two systems in 

more detail to krev. esuctly v at tc rcco end hero. I3.M Isols that the system 

is not as good 33 it th nu! i bo, tr.b :vir, ro ejrec. that It would have to bo 

polished up ctnsids ably beforo used in on air defense system. 

Ho provision e:dr1 fer a dual head l b- ..r- ' or. .i o1ngl-> track, and this -7ould 
be a basic need ir. hcnd.'.ir, - \ ry rr;..i ’i jx ar se f;i" it fror Mils, 


T> -rclucl touio ’?rt 

The punch cord oqui .inert jd b ! -speed ' -inter were vory favorably 
roccivod by our engine i.oi Ly buciusi cf tlu novelty >f never having soon 

ul .• m, they leera vory wonderful, but 

»o should proceed carefully (In « . • ralue). However, they did not 

[, 1 ) rclif lHitj of these units seers to bo ex¬ 
cellent to the uninitiated, > 




Power nipnli . of ny;i J c- ? ■ t dcci nod and crrstructed by tho 
Power ' ’’.a. ny, in c nsult tion ■ ‘tb certain 1PM engineers. Tho general 

fooling o' t ! e men I talked to on this p rt v • * vt. tho ? ore working with 
Power Equipment Company morely becai ae no < t! • r nr ipany was available to do the 
Job. Trouble hnn rovotonad with jx>’ •.?• The t.r . nits, 'io ettermt has lean 
wads to isoleto these Torn, and it in . rd to 1 rsteal how IB.J feoln they 
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can got around those traneiantf: without hnowin • exictly what they are. 
tenoral Conclusion s 

Whilo I do not. fool that th . ?fl oo'npvt r- i:t at thin tine In such 
condition as to be vary . able in a e ntrol r,y i tn. I do fool that the basic 
attitude of the onp.w.r on tie Job r coiucc (they theisolvos are nor- 
riod about all those err ro and about i y rnin- t'ro design margins of the 
system). If thoy coulr co given suffioicn'• tine to clean it up (nine months 
to a j-oar), and barrini any baric troubles. I feel that the system would bo 
useful in a control problem. 


"'his was fell owed by i report by C, Gorderaan on the 701 memory; 

The memory frero hor.rsr seventy- wc 'i-inch Williams tubo3 f two of 
which are placed together in eajh of thirty-rl> olug-ln tnomory drawers. Each 
drawer has three adjustmoate fo - each tubs, and on?. adjustment which is common 
to the two tubes.Two of the adjustments allow variation of the grid bias and 
focus voltage. The third ad.lus .nant vrriea the timing between the read-out 
signal and the sensing 3ul.se at tho read-out mate tube and is used to give 
optimum titling between those two signs In, The adjustment which is common to 
tiie two tubes is that o ' the vi-e amp.ifier fain. The time required to in- 
aic.ll one of these drawi-n and the subsequent sit.-up time fer two of tho 
tubes is in tho order of five minutes, Duri if this ad.iusi.nent process, tho 
reac-out signals ore monitored on an oscilloscope, and all adjustments are 
made on an empirical ba,’?.! . 

Since the video amplifier ia eotnmon to tho two tubes, thoy are read 
out r.t different times during the rogo err.tiin period. The read-outs from the 
two tuber ore stored in two aspirate trigger;--; ar.d, after tho road-out has 
boon conploted in both tubas, tho dash sign., is written simultaneously in 
the tubes as nay co required. In computer oprration, only one tuba will be 
giving an output on any storage access so taut all the tubes are sensed at the 
s*ae tine in the action cycle. 

For domonotrid :.on,tho memory frer.o var. operated with its tester. 

In this case, runring a "spill" tact, the average interval between errors 
"fas in tho order of 10 to 15 mi rut on. Those errors were more or less cvonly 
divided between "spill" errors, which occur roc’ in a single tubs and could be 
repeated; end tho other typo of error, which wan more or loss of a random 
nature, which occurred in a sumler of tubes at onco and was not repeatable. 
Regarding thore render i.-rcrs, in addllio; to the fact that thoy occurred in a 
number of tubes and won not repo: table, it was oven more significant that 
they occurred at storage addrea o? different from the one at which the "spill" 
test was being per form. These rando- errors always occurred in tho loft-hand 

unclassifie d 
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cubs, which i3 the I'iret 1 ho 'tad t\i 1 1 ' . r veneration cyolc, Gener¬ 
ally, tho errors occur only in tire cf t. .a ■ srse t of the array. 

Many cc.-periEec . 0 itavj beer [virfn n-il jc tho deflection circuits, 
finally, the whole daflcction jyatec w.s < hanged, which roducsd, but did 
not eliminate, random aivora. The ergino; vs 'in icing on the memory unit 
have also tried i;onlto*i . supply volp i. fs? ■ -ansionta (tic have run ex- 
erimente with Too la I tl of Is of static interference, 

(K. H, Saylor sntio ied her i . ;o had talked vit.h an engineer 
associated with another iDH pr :.J«cc v. -o t sd that ho had boon using 

Williams* tubes in rir el f i : ion . ' } > -rouble iron random orrorn,) 

Tho frequency of crrtr no: c .c h i lower v. - on the tubos were 
operated with the conput- r thru her hey .•:» op. -ated with tho memory 
tester,, The tenter shoes two types oi err •• >m 'spill,'' cno "forget," 

Tho "spill" dos.-gnataon ' • di cutes a d t rh ' has failed and turned into a 
dash, •'forgot'.' nears tho rer&rto — r d».c •.h ,cfc has changed into a dot, 

Kith tho tester, we varied the u.’li .udo c tho writing gate which is com- 

soa to all seventy-two tub.s in the r. ’ll. Tho gate in normally fixed at 
37b volts; upon boir" reduced to ti 't'.r-si:: ».o*.t3, ono of the tube3 lost a 
dash. When tho amplitude was raisec \ j fo y-t v) volts (nadrouai supply 
voltage), all the tuber oor.t.inuid t.c run, v.T.ict ir.dicateo that their 
sot—up procedure gives thorn operating conditions such that tho tubes oper¬ 
ate on tho low r.ido of cahirg "spill" nrror . It was also noted during 
this test that the nto c. plltu c changed by lpproxin&tely four volto be¬ 
tween conditions of all dote and da then ii ill 3!vanty-two -ubos. This was 
thought to be dut to x crystal in >re < f -he units, and vie removed 
co-.b’ nations of tho tnirt, -six writs ui' il t’u faulty crystal was finally 
' o’:vtod. The need 'ir r rgin.x. choc r.; it; obvious iri tho 7C1 computer, 
since Ll tor’: about bon b nute 

In tho 701, 515 pots are steed in each tube in an array con- 
sir *ng of two interleave' ?56-.;pot ir-r.y i. Consecutive co puter addresses 
ire obtained by further subdivi- ing • 1 .1. «i - io J!56-spot arrays into sixteen 
4x4 ivrays. They feel hat tnir .vr- .rpi . it helps them scret.hat in 

or.: of extreme "ns111' 1 ich irht I cm ntered lr, t ram loop. 

It would appear that . 100? tv. Mover o’ memory units has taken 

place in t'e oast sir months. Thin c rt r.te was based on a rough count 

of the number of changes >f nem ry uni re In th Me nry Test log, 

and is not meant to '■ply that :!ne i sy r.. ■%, c tuber failed in service,) 

A very slight amount of date, recording is done. Instead of 
studying unit.-, the computer or 'inoor ; irs ; ra-glv-ns a bad unit vdth a 
now one. (S. 11.Dodd mentioned ore tt.at v r ■ i idoqwte renord-koeping 
wan done on the whole computer,* 
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There war c good correlation b : tween two different opinions 
p^ftrred, both cf wl ic'i statad that the cceptar.ce rate of tubes to be 
usod in the computer in in the order of 25% of tho V/illla-ie tubes received. 
Mont of tho rejects rero duo o bleclohe'- on tio surfaces and tubes which 
exhibit tho "mud hole" affect. Thic n i?ud hols' effect is the nano given to 
the phenomenal which occurs it.' en tco -any references to a dot in quick suc¬ 
cession cause that dot in dir ppear after a abort doiay. Tihan this occurs, 
tho spot no longer ho Lai tio dot bat real: out us & daeh. This Iocs is at¬ 
tributed to induced concuctivity of tho j osphor, caused by repeated reed- 
cute. People who .--o rmpenaibio far kor; ..ng tubas in the computer ecen 
to feel that the research rovp door nc~ ..re c. 100% solution to tho prob¬ 
lem of how to handle this "mui ho.o" off6 , They simply observe that 
bo e tubes show it and : no dc not. Sir.c about 25% of the tubo3 received 
ds not 8h07i this effect and ars othf rwir.e : c.tlsfectory, thoy aro eligible 
for uce in the computer. Ilo Intensive :re earch program to investigate the 
causes of this effect In underlay. Lille: ito phosphor shows this effect to 
r, mbh greater degree than P5 phosphor. i effect also varies with dif¬ 

ferent binders. No correlations have boen id; with respect to the spot size 
as it might affect the aiount of heat in tho vicinity which is bombarded many 
times. The engineers on tho 701 have boon jy nuhat hampered by lack of 
enough tubes which did not have this "mud hole” effect. Thoy are now plan¬ 
ning to increase production of 3-inoh till lama Uibeo at the factory to ap¬ 
proximately 5C tubes a dny. They -co also building experimental tubes with 
a 1-iach disaster sere in and hi ve installed several c! these in the 701 for 
short periods. Those tubes socra to have a lower road-around ratio than the 
3-lnch model. 

They aro also doing work on a rc i idaiit typo of Williams memory 
system in which two tubes are eporatni in >rmllel, one stcrlng dots, the 
tho othor dashes for a given b..t of information. The read-out signals aro 
added algebraically afte; one f then has bo :n averted. Thoy feol this will 
•>ivo the system reliability, independent of 'spill" and o' be.d 3pot3, and 
that thoy will bo able to use ubco which previously have boon rejected 
for use in tho 701. (Ihs cost of the 3-inch tubes is £85). 

In general, the roao y appeared to to operating better than had 
bo‘.':i anticipated; however, tio possibility of working with 10?4 spots por 
tubo teems to have boon itandoned. I3i 1 appear' to bo satisfied with 512 
spots per tubo for the 701 conputer. 

They run their "spin" tests with th» i; tod nun number of ropeti- 
tive reads which a tube con ever er.eount - ir cor.putor operation. Under 
these conditions, their margins of operation would appear to be consider¬ 
ably narrower than .to experience hero. Hoicvor, it must bo realizod that 
we do not test our tube under the worst conditions which could evor be en¬ 
countered. I IfLiri, , „_ 
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(U. I, Du;yet: Jn rcspcn'. '.o c. question frcn 4. R. Everett 

that v,..l makes parity 1> sv.s » t.n a/ race •>,* l.v.-n or three a ray. Howovo:?, 
this figure is subject 1. lucf uivt' i:i. ) T! error rate for the 701 memory 
epnoarn to be about tm 'o three on hour. 


I. *j. i ett , .v t. ■■ •:•> . , . I '. • «.rc> interspersed with eowe 

remarlca of S, Bodd'n aid 3, Taylor's, as i'rvlowe: 

The tv.o most obvious weaknesses ii> tbo 701 system soem ta be: 

1) That, although I I o c-ro»U: tl cmrelvur ra basically sound, an 
insufficient amount of e -i.ionrlnp t. re ie ipor.t on dh bugging then. This 
situation has led to - 

2) Their world a 1th tho v illo eph; of run-a-ch sek-propram-and-if- 

it-forks,-fino. Sires they . tvs no i rgincl ocking fasten, they operate at 

all tires dth no idea cl ,cn rr htn tr • bl< is about to appear, 

(One pacific c: i :lo if the at v is the failure in the shift order 

which v.as noe ■ saver: 1 t v a. ihir , v , ic asps bio of being et initiated if more 

engineering ti..:e could bo expecled cn it). 

jB:.; en.;'. eerr so : to have nor • cor rr’-.cnrivo sot of diagnostic 
prog.-ars than do .j. Th:.:i !.i p rfiy rocj-.v ti.ilr printer i.e capable of such 
’act output anc parti; 1 be tatja .i;oy tv t c . those techniques to get the 
information that wo got l- aarg mil c rd 1 ilt-in -.‘.c'-s, which they 

(sot; abovo) lack. 

Their punch carl .-/at r: pri ilia -no vibstantial advantages from 
tho point cf view of hent : ng, It Is i: plir to put a program or. the machine 
with it than it io with o.u- pap >r tape. 

^ Another advantage Is ho speed. .7ith wh ch thoy oat replace thoir 

memory drawer, which it* cineide ,, ably r.ro.it r than in our syrtow. 

The circuitry used in tho arithm Ic ;lament is fairly iMpressivo. 
Rather oxtene vo use of < iu logic pi-o.i thru substantial advantages from tho 

poi.it of vit“ of pr.sk >;i . In 'onsati i f. is .cj ~ilreo is tha order of 1 
fflicroeooond o. oj-u in «1 t.h, e lablin- v >:i to use opt i-wiro cabling pre- 

fabricated on a :'r.rsj, 1 r roL.t: ul? i' > ■ ii; - .ancos, they could use our 

circuitry with thoir typo of wiving »i.h ih . fas', rice times that we uso would 

probably nreolv.ee aiy err reive use of t .ilrlng where the information has 

: - ancoc, i i ■ iu ibor of places in our computer, 
inforration flows r.u l/.O-r sro; ocoid -'Ul :-c - through channels that ere used 
only once - ovory covor .1 nicror econds or eo. 


(A discussion of diode gatoa betwooi 
;:bio'. is not covered hero, then took placek. ; 


lylor and J, O'Brien, 
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II, Ti.ylor tfc*-n nuntlcucd tint IBM tsor no decoupling in gome of 
their circuitry. II. Dug- itt stater, lie ltd gone of our methods aooa rldiou- 
lou3ly brute force at. n, c.r-:a: »ri to th .irs, end that sone of their Ideas 
present substantial uch.v.'t.cos. II. Saylor felt that the cascading of levels was 
a serious weakness in i.i lr syrtsa, but De-reti thought that thore was suf¬ 
ficient. clippii. in th« yotes t. provant any trnch difficulty. Taylor oon- 
sidcred this olippii i k~ute force i asurs. Dnygett pointed out that to ob¬ 
tain stability in V.. I It ' ad boon roccjs ry to abandon the philosophy of 
only driving rri is to ;:e;biaB and Instoad to drive grids well positive in 
order to obtain appreciable grid cliping, In general, both think' that if the 
amount of engineering tir.i spent c- cur nystsa wore spent cn IBU'a, they would 
probably end up with as fr>od a lystoa. Thn fact that this timo is not avail¬ 
able is duo to IBM add il trativs policy of k eeping the reaching runninc and 
available for demonstration at the sacrificg of ti:e-to-invest.igate-troublo. 

N. Taylor said he did foel that, considering tho Oman amount of timo spent 
on the circuitry, it wae .j:aziny how well it worked. 

S. Dodd raentior. id hcfKI^i&at, mhoroau wo keep fairly extensive rec¬ 
ords cn what goes on in cur com; vtor, they hoop practically none. 

N. Taylor -ail hat, while he felt tho 701* e present reliability 
was sufficient for the no: nutations being c:ono new, it was definitely not good 
enough for use in a fut, a. S, Dcdi said that apparently, 

according to Ros3, there. . o little chance of it inproving substantially (as it 
is being nalntalned and run alrecst exclusively now for demonstration and train¬ 
ing purposes, etc., see above). 

N. Taylor state:, the specifications were that tubes must last reoro 
than 10,000 hours. Goetz 1 b getting this now. 

N. Taylor felt that, in order to got good reliability out of their 
circuits, IBM would hav to pound at their circuit engineers to make then 
work liardor and more steadily at debugging. 

S. Dodd renarl c that the 701*8 lack of trouble-location equipment, 
parity chocks, etc., wa u great handicap during the present phase of develop¬ 
ment of tho machine, as th; can't fine: out where errors are. (H. Taylor as¬ 
sured him that our prototype units wopjd have built-in checks.) Presumably, 
however, this lack ef built-in checks would not present such a difficulty in 
the final system. N. Dag,-jtt said that, since the 701*s units arc removable 
and therefore replaceable, they (IBM ei ;ino 2 rs) don't nave the need to local¬ 
ise trouble that'no do, a~ l therefore this lack of built-in checking facilities 
is not as sorious as it ml f t bo. S. Dodd feels, however, that while this 
policy of simply repine i faulty unite rcu'. bo all right on'a production 
nachino, it is not pood o~ a testing, or experimental machine. 

S. Dodd nlto i : id that T. a. 9urko had told him that recently they 
hav? had trouble with a co-callel "morning sickness" in the computer. This was 
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particularly noted uc > c.-t operation ■' tho computer on Monday morn- 
inf; This trouble • i : -ifter tl <» ' rw of September, and ho felt 

that the reduction 02 ' !nu dity at abo it t} ; ri ti 0 of year might be a partial 
oxplvntioa of tho d- sup a of t U . rn‘ g sickness." Ho said, how¬ 

ever, that tusy have much trout 1c with soldi re: joints in tho plugin units 
and that this m.irht bo c thrr explanation of .ho "morning sickness" problem, 
frequently when they iur allec 1 run If .-U unit, they found that the unit 
old not operate sr.tirf-c y ly, and the difficulty would be tracked down to 
trouble in a soldered Jo." '! lia difficulty apoearod to occur because of 
stressing of the sold.- ! :a u .it was clamped into place, due to 

tho fact that the plug-in unit van not completely rigid. In their production 
1 'ichine they are using a new tyro of plug- unit, which has Tf^Bontcct plug and 
i cupposed)$>r event the r -ess m the plug-in unit from developing. The 
o7id«.ice they had, however. could indicate that tho troubles they encountered 
wore actually caused by £ cessing cf tho plug-in units, and the modified pro- 
fa tion design did not > him (3. cad) certain that they would solve this 
problem in the production t-aebiue. 


R. von hualenr ' It th t moot of hi a own observations were already 
fairly soli covered by tho abovr but aided tho following comment 3 t 

Tho’iyv their diagnostic pm. -ors are frirly icpreeeive, they don't 
go far enough to permit them to isolate trouble completely, aftor completing 
a d' .gnostic program, the; nave to replace an entire plug-in unit or inter¬ 
change tubes in plug-in units almost at random, as they have no evidence of 
emctly where tho trohb There is 0 serious need for marginal chock¬ 

ing, They can run a program with an errorj this doesn't stop tho machine. 

They are trying varying voltage, but trio varien not only the voltage in 
which they arc lr.t-treated but also “he voltage ir the whole computer and so 
“till fails to loolate tho orro:. One goad feature of their diagnostic-program 
system was the t- that he, too, folt their 

methods of record <13 cumbersome than ours, (See C. 

-order min and S. Dodd, papas 9 and 12 above). 

Teat 3tt.rago c< riots of two banks of push buttons. This clearly 
is not enough, as it limits the output to set-up tost programs. 

The crystal gating also mode a favorable irapresnionj this night 
rovo advantageous if Incorpora' od into our .'ticouy Tost Conputer, 

Thoro are four ones witches on the console which are somewhat 
similar to our "cp" in that ti-oy permit ring programs. These 

sense switches permit skipping n orde during a program. This seems to be 
a very valuable gadgot. 
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